INTRODUCTION
Heavy metals and PAHs are considered the most common and potentially harmful contaminants in soil in areas affected by anthropogenic pollution [Baran et al. 2004] .
PAHs are considered one of the most dangerous groups of pollutants for living organisms due to their carcinogenic and mutagenic properties. They are formed during anthropogenic activity such as incomplete burning of fossil fuels, wood and solid wastes and can enter soil via atmospheric deposition [Wild and Jones 1995, Dębska et al. 2014 ]. Sixteen PAHs have been identified as priority pollutants by both China and the United States Environmental Protection Agency (US EPA), and seven of them are considered probable carcinogens, i.e. benzo [a] anthracene (BaA), chrysene (CHR), benzo[a]pyrene (BaP). The European Union has established a threshold value for benzo [a] pyrene in the air , De Nicola et al. 2014 .
Stability of PAHs in the soil is also dependent on the structure and properties of hydrocarbons [Banach-Szott et al 2012]. Usually, low-molecular-weight PAHs are easily degradable, but highmolecular weight PAHs, containing four or more aromatic rings, are considered resistant, thermodynamically stable and more difficult to degrade [Rosales et al 2012] .
Soils in urban areas are usually characterized by high content of PAHs. Such amounts of PAHs in urban soils are associated with the presence of both stationary sources (power plants, industry and residential heating) and diffuse sources (traffic emissions and products resulting from the abrasion of tires and asphalt components) [Banger et al 2010 , Piekutin 2011 . These compounds are strongly hydrophobic and lipophilic as well as having a propensity to accumulate in plant and animal tissues [Vane et al. 2014] . PAHs introduced into the soil can adversely affect microorganisms, what can be manifested in changes in enzymatic and microbial activity of soil [Baran et al. 2004] . Proximity of soils contaminated with PAHs may increase the probability of human exposure to these contaminants through inhalation, ingestion or dermal contact [Banger et al 2010] .
The aim of this work was to investigate the impact of localization of studied lawns and sewage sludge fertilization on selected PAHs concentrations in the urban soil in Bialystok.
MATERIAL AND METHODS
Three experiments on the lawns along the main roads of Bialystok: Hetmanska Str., Popieluszki Str. and Raginisa Str. were founded. The factors of the experiment were: three doses of sewage sludge (0 -control, 75 and 150 Mg/ha) and two years of research (2011 and 2012).
The characteristics of research objects location are as follows: 
PAHs analyses
The fluoranthene, pyrene, benzo[a]anthracene, chrysene, and benzo[a]pyrene in soil samples were carried out using a Varian 4000 GC/MS Gas Chromatograph with Mass Spectrometry, which was described in the Polish Standard (ISO 18287). The method of two-stage extraction was used.
Physico-chemical and enzymatic analysis
pH in soil samples taken from a depth of 0-20 cm was determined by the potentiometric method in distilled water in ratio 1:2.5 (m:v). The organic carbon was measured by Tiurin method which is based on the oxidation of organic carbon by potassium dichromate in an acid medium and measurement of the excess dichromate using Mohr's salt [Ostrowska et al. 1991] .
The enzyme activity was measured using the method of Casida et al. [Brzezińska and Włodarczyk 2005] by the reduction of 2,3,5-triphenyl tetrazolium chloride (TTC), to the red, water insoluble triphenylformazan (TPF), and the absorbance measured at 485 nm using a spectrophotometer to quantify TPF formation. Dehydrogenase activity was expressed as µmol TPF g 
Statistical analysis
In order to test the effects of the experimental factors (dose of sewage sludge, year and localization) in the variables analyzed, a tree-way analysis of variance ANOVA with interaction term was performed. In case of significant F-tests, differences between group means were assessed by the Tukey post hoc test at significance level at p<0.05. The correlation between characteristics was calculated using Pearson correlation (for n = 108) with the level of significance established at p<0.05 and p<0.1 by using Statistica 12.0.
RESULT AND DISCUSSION
The pH values for all samples tested ranged from 7.2 to 8.2, which means that at each point alkalinity of the soil occurred ( Table 1 ). The content of organic carbon was from 0.32 to 3.30% of dry soil and slightly higher contents were found for objects fertilized with sewage sludge. The dehydrogenase activity of soil was from 0.03 to 1.46 µg TPF g −1 DM of soil 20 h
and higher average values were reported in second year of the experiment. Fluoranthene is one of the most abundant PAHs in the environment [Monte et al., 2012] , that has a hydrophobic nature, tightly binds to soil particles and hence its bioavailability is very restricted [Yu et al., 2007] . The content of fluoranthene in soil was differentiated, but it was statistically insignificant (Figure 1 ). The experimental factors did not have a significant effect on this PAH. The average content of fluoranthene was the largest in soil without application of sewage sludge (0.65 mg/kg DM of soil) in samples taken in 2011 in Raginisa Str., while the smallest average content of fluoranthene was observed in the samples collected in 2011 in Hetmanska Str. and the highest dose of biosolids (150 Mg/ha) (0.17 mg/kg DM of soil) (Figure 1) . Schneider et al. [1996] show, that although pyrene is not classified as a carcinogen, it is an important mutagen prevalent in contaminated soils, and it is one of 16 PAHs on the USEPA list of priority contaminants that can pose a risk to human health because pyrene can transform to benzopyrene, which is toxic [White 2002 ]. Studies on the impact of different doses of sewage sludge on the concentration of pyrene in soil revealed reduction of this PAH in the object fertilized with sewage sludge, as compared to the control (Figure 1) . The average largest concentration of pyrene was found in samples in Popieluszki Str. The average concentration of this PAH was largest in the soil samples collected in 2012 on control objects (0.34 mg/kg DM of soil), while the smallest results were obtained for the samples taken in 2011 on the plots with double dose of sewage sludge in Hetmanska Str. (0.12 mg/kg DM of soil).
We found that the concentration of benz Our results show, that the concentration of studied PAHs was mainly the effect of the location of research objects. Generally the highest concentrations in Raginisa and Popiełuszki Strs. were observed [ Figure 1 ]. According to Banger et al. [2010] PAHs released in the vehicle exhaust are deposited in the nearby soils and their contents decrease exponentially with an increase in distance from roads. This study does not support our research, where in the case of Raginisa Str. objects are located far from the road (the distance was 15 m), moreover, it was the area with the least traffic. The obtained content of studied PAHs in the urban soil does not exceed those contained in the Regulation of the Minister of the Environment of (Table 2) .
pH affects the microbial degradation of PAHs. Dehydrogenase (DH) has been proposed as an indicator of overall microbial activity since it is an intracellular enzyme related to oxidative phosphorylation processes. Application organic wastes such as sewage sludge to soil stimulates DH activity because the input material may contain intracellular and extracellular enzymes and may also stimulate soil microbial activity .
According to Dębska et al. [2014] and Banach-Szott et al. [2012] , one of the important parameter which determines the immobilization of PAHs by soils is the quantity and the quality of organic matter. Organic matter is characterized by large sorption capacity and the stability of hydrocarbons in the soil depends largely on the process. As a result of sorption decreases their mobility and availability of PAHs for microorganisms. In our study, there was no significant correlation between the concentration of organic carbon in the soil and the studied PAHs. Probably, due to the low content of organic carbon in studied soils (Table 1 ). According to organic wastes such as sewage sludge have been considered to be an effective solution to stimulate the indigenous microbial population and enhance their PAHs metabolic capability. The authors show also that the organic matter plays an important role in PAHs biodegradation through contribution of soil nutrients as a result of their mineralization and by stimulating microbial activity. It must be remembered that organic wastes are always rich in dissolved organic matter and the presence of its in the aqueous phase could decrease the sorption of PAHs, and thus influence their mobility [Yu et al. 2011] 
CONCLUSIONS
Changes in concentration of fluoranthene, pyrene, benz[a]anthracene, chrysene, and benz[a] pyrene in urban soil samples depended on the location of experimental lawns and the year of study. Statistically significant differences were observed in the case of pyrene and chrysene.
Statistically significant differences were found in pyrene concentration depending on the dose of sewage sludge. Sewage sludge fertilization on urban soil caused reduction of pyrene concentration as compared to control plots which may be the result of microbial degradation or migration caused by the presence of dissolved organic matter in sewage sludge.
Among 5 tested PAHs compounds, benzo[a] pyrene was the most dominant compound in the samples collected in both 2011 and 2012. An increase in the share of chrysene in 2012 as compared with 2011 was found. High level these PAHs in soil may be attributed to more vehicle traffic in urban areas and can be considered as a typical indicator of incomplete burning of fuel or can enter the soil via atmospheric deposition.
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